A straightforward least squares method of estimating the rate at which birds molt feathers is presented, suitable for birds captured more than once during the period of molt. The date of molt onset can also be estimated. The method is applied to male and female mourning doves.
Introduction
Molt is a process by which birds periodically shed and replace their feathers. For any particular species, feathers molt in a definite sequence, but the timing and rapidity may vary according to the condition of the bird and quality of its habitat.
Knowledge of when molt begins and ends, and the interval between molts of successive feathers, is useful for a variety of purposes, such as estimating age (Haas and Amend, 1976) and finding when molt ends so that separation of young and older birds is possible (Sadler, Tomlinson, and Wight, 1970) .
Here we propose a model for the molt of birds captured more than once during the molting period. Estimates of relevant parameters are obtained by weighted least squares regression. The method is exemplified by data on mourning doves (Zenaida macroitra).
The Model
The method pertains to situations in which birds are captured two or more times during the molting period, and the progress of molt is ascertained on each occasion. Birds must be individually marked. On each capture occasion, the number of primary feathers (the 10 long flight feathers of the wing) molted is recorded, along with the date, which can be conveniently scored as the number of days since the beginning of the year.
The model assumes that, for a particular bird in a given year v, the onset of molt is day 00,, and the ith primary is molted Oj, days after the (i -l)st (i = I, ... , I). Thus, for a bird observed on day t, the number of primaries molted, in, will be ;n(t) = max{j E is S t} i=O Because molt cannot be discerned until after the first primary is molted, the parameters 0(,. and 0,, are completely confounded. (The subscript y will be suppressed unless needed.) Suppose an individual is captured on two occasions, at times t' and t" (W' < t"), and is observed to have molted in' and in" primary feathers (in' in"), respectively. Then Table 1 . Model D, with no year or feather effects, provides an adequate and parsimonious fit for each sex; no model stands out as clearly preferable to it. The implication is that feather molt proceeds at a rather constant rate from one primary to another, and that the interval does not vary from year to year. For males, molt proceeded at an average rate of one feather per 14.35 days (SE = .30); the value for females was 13.74 days (SE = .47). Residuals from the model were plotted against predicted values, and against explanatory variables by year; none of the plots suggested a deficiency in the model. Average values of 00, based on equations (7) and (8), are given in Table 2 . Only the first capture within a year was used for each bird. The onset of molt averaged about 10 May for males and 16 May for females. Males and females tended to initiate molt earlier or later in any given year; the correlation between average male and female onset dates was r = .678 (P = .06).
